This paper explore the feasibility of integrating material flow cost accounting (MFCA) technique with existing environmental management systems (EMS) in a brewery process for improved waste-reduction decisions and increased environmental performance. Decisions to reduce wastewater generation in the past have focused on end-of-pipe approach, with little attention paid to the costs of generating brewery wastewater resulting in negative environmental impact. A case study was performed in a micro-brewery which provides evidence that applying MFCA supports and can improve waste-reduction decisions by brewery managers. The paper highlights the gains of applying MFCA from the case study with improvements in cost savings and increased environmental performance. The paper suggests that a significant implication for micro-breweries in South Africa is the availability of waste related information both in costs and volume for improved waste-reduction decisions for an improved waste-reduction strategy.
INTRODUCTION
By its nature, brewing is a water-intensive process (Hyland and Miles, 2008) . Wastewater, sludge and effluents are the negative products from the brewing process (Gong et al., 2008) . Considerable efforts have been initiated to reduce the quantity of water used up in the production of a litre of beer by breweries in South Africa due to water scarcity and to comply with global water efficiency in beer production. Beer making requires good and clean water in large quantities. Brewing equipment and bottles need to be washed with a lot of water. As such, brewers are compelled to adopt conservation methods in water usage. Moreover, water conservation has become a subject of vital importance, especially in South Africa, due to scarce water supply (Ziervogel et al., 2010) . Reducing the amount of water *Corresponding author. E-mail: michael.fakoya@ul.ac.za or fmichaelbamidele@gmail.com. used in a brewery process does not only reduce the supply costs of water, but also the volume of effluent discharges. Wastewater from brewery process are discharged into waterways such as rivers, streams or lakes; discharged directly into municipal sewer system; or into municipal sewer system after the wastewater has undergone some treatment.
One useful step in identifying opportunities to reduce water and effluent costs is to understand how, where and what amount of water is wasted in the brewery process. In South Africa, efforts by breweries at reducing wastewater and effluent discharges have been technologically based focusing on "end-of-pipe" treatment adoption . Improved environmental performance and organisational profitability depends on responsible use of scarce resources such as water and energy, and the ability to determine the costs of waste. Integrating waste cost information into existing environmental management systems (EMS) within the brewery process (Darnall et al., 2008) will improve resource use, reduce wastages, and increase organisational profitability. Reducing water wastage in brewing process will ensure the security of water into the future. In addition, it is critical to the long-term survival of the brewing business as well as the water needs of host communities.
The paper seeks to explore the feasibility of integrating MFCA technique with existing EMS in a brewery process for improved waste-reduction decisions and increased environmental performance. A case study was carried out on a micro-brewery in South Africa. The first area of this paper reviews incidence of brewery waste. The second area presented a discussion on MFCA and the results and findings from the case study. The third area presents the discussion and conclusion of the study.
BREWERY WASTEWATER
Brewery wastewater is a significant waste or negative product in a brewery process. Although, substantial technological improvements have been made by breweries in South Africa to reduce wastewater generation, yet an estimated 5 to 6 L of waste effluent is generated per litre of beer produced (The South African Breweries (SABLtd), 2011). Wastewater is mostly water by weight with other waste materials making up a small option (Simate et al., 2011) . At other times, large quantities of these other materials may be present that require some form of pre-treatment before discharging the wastewater into the sewage system.
The brewing process usually generates large amounts of wastewater that need to be disposed of or treated in the least costly way to meet discharge regulations. Brewery wastewater contains a high biochemical oxygen demand (BOD) as a result of all the organic components such as sugar, soluble starch, ethanol and volatile fatty acids used in the brewing process (Wei et al., 2011) . Brewery wastewater has a high temperature in the range of 25 to 38°C (Goldammer, 2008) . The high pH levels of between 2 and 12 are influenced by the amount and type of chemicals used in the cleaning and sanitation processes, such as caustic soda, phosphoric acid, and nitric acid (Goldammer, 2008) . Brewery solid waste includes spent grains, spent yeast, diatomaceous earth (DE) slurry and packaging materials.
Brewery waste management
In the brewery industry, brewing and packaging are the operations that give rise to waste (Parawira et al., 2005; Fillaudeau et al., 2006; Rao et al., 2007; Zupancic et al., 2007) . Water and wastewater management constitutes a practical problem for the food and beverage industry including the brewing industry. Wastewater management and waste disposal have become a significant cost factor and an important aspect in the running of a brewery operation (Unterstein, 2000; Perry and de Villiers, 2003) . Brewery managers need to view wastewater and waste disposal problems as a proof of inefficiencies in their production process rather than as inevitable by-products of production.
Water consumption in a brewery production process is not only an economic parameter but also a tool to determine its process performance in comparison with other breweries (Unterstein, 2000; Perry and de Villiers, 2003; Fillaudeau et al., 2006) . Wastewater and emissions treatment costs include:
1. Depreciation of related equipment, 2. Environmental fees, 3. Taxes, 4. Charges and fines, 5. Prevention and environmental management costs such as operators inspection and training and process changes, 6. Material purchase value of wastes and emissions such as energy costs of non-product output and processing costs of wastes; and 7. Wasted labour and capital costs.
These costs should be included in inefficient production costs because they are parameters that are significant in brewery performance determination (Jasch, 2003; Gale, 2006) . Waste-reduction rather than waste treatment is the most appropriate strategy for reducing inefficient production costs in the brewery industry.
Waste-reduction in the brewery process will lead to improvements in environmental performance and in other areas such as energy efficiency, reduction of raw material use, reduction in water consumption and increasing reuse and recycling on site that has direct beneficial effects on the profitability of the organisation (Hyde et al., 2001) . Brewery plants produce large quantities of wastewater which contains high concentrations of biodegradable organic pollutants (Parawira et al., 2005; Fillaudeau et al., 2006; Rao et al., 2007; Zupancic et al., 2007) . Parawira et al. (2005) argue that these large quantities of wastewater are generated in the production of beer itself as well as in general washing of floors, cleaning the brew house, cellars, packaging and cleaning, after each batch is completed. The availability of accurate quantity or volume of water wasted in brewery production process will provide management with information on specific inefficient practices within the system.
The brewery industry holds a strategic economic position with the annual world beer production exceeding 1.34 billion hectolitres in 2002 (Levinson, 2002; Fillaudeau et al., 2006) . Beer is the fifth most consumed beverage in the world after tea, carbonates, milk and coffee and it continues to be a popular drink with an average consumption of 23 L per person per year (Fillaudeau et al., 2006) .
As brewery managers strive to improve on their environmental performance due to pressures from the society, traditional pollution prevention techniques seem no longer to be cost effective. It appears that process waste-reduction is a better cost effective solution to the traditional end-of-pipe strategies (Curkovic and Sroufe, 2007) . Majority of the accounting systems in place within the brewery industry do not fully provide adequate information either direct or indirect on environmental costs of operations within their organisation to support sound decision-making (Bennett and James, 2006; Jasch, 2006) . Accountants have the responsibility to ensure that adequate waste information are available to stakeholders such as in the supply chain, finance providers, regulatory agencies, and others on the everincreasing environment-related costs (Jasch, 2006) . Such environmental performance disclosures should include the quantity and values of process wastes generated as non-product output. Jasch (2003) states that environmental managers rarely have access to the actual cost accounting documents of the organisation and are only aware of a tiny fraction of the aggregate environmental costs. Jasch argues that in a situation where the accountant has most of the financial information, but unable to separate environmental costs without further guidance limits sound decision-making within the framework of the existing financial information. Brewery managers and accountants should endeavour to bridge communication problems in order to have access to environmental information especially on the quantities and values of wasted products at all times.
The fact that environmental costs are not fully recorded often leads to distorted calculations and options for improvements and costs savings are unexploited (Jasch, 2003) . Environmental protection projects that aim to prevent wastewater and other process waste at source through better utilisation of raw and auxiliary materials or less harmful operating materials have been lost. Consequently, the financial and environmental benefits derivable from utilising the aforementioned measures are not utilised. Those in charge of implementing preventive environmental protection measures are often not aware that producing wastewater and other process waste are usually more expensive than disposing of them (Jasch, 2003) . Availability of adequate waste information in terms of volume and costs is the first step to implement the right preventive measure. To systematically trace and attribute environmental costs to responsible processes and products rather than aggregation to general overheads, brewery managers should have a clear definition of what constitutes environmental costs. Jasch (2003) states that waste is the result of inefficiency in the use of materials which has been purchased and paid for but which have not been transformed into a Fakoya and van der Poll 9785 marketable product. The Japanese Ministry of Economy, Trade and Industry (METI) (2002) developed an EMA workbook with the underlying assumption that all purchased materials should by physical necessity leave the organisation as either product or as waste and emission. Increased economic growth has been attributed to be the main cause of increased waste in (King et al., 2006) . With organisations aiming to increase their profit, they have failed to take environmental protection seriously in their effort to please shareholders (Sheu and Lo, 2005) . Traditional business management views environmental issues as a one sided argument promoted by ecologists and environmentalists. Sheu and Lo (2005) argue that it is very difficult for managers to deny the fact that resources are being exhausted faster due to inefficient and ignorant use. To stem inefficiency in the production process, the accounting system within an organisation need overhauling and should be integrated with other environmental management systems in the organisation. Jasch (2003) argues that since inefficiency occurs in production processes, the calculation of environmental costs should not only be based on disposal fees but also on the wasted value of materials consumed in process and production costs of process waste. Wasted value of purchased materials includes water, energy, auxiliary materials and raw materials. In addition, costs of wasted materials, equipment depreciation and labour hours in waste generated should be calculated in order to provide a sound basis for decision-making.
Causes of waste generation
Once the source of waste generation has been identified and appropriate waste data collected, recorded, grouped or summarised and analysed; adequate measures of control can be put into effect. Wastereduction decisions should be based on the availability of all waste related information. Transparency of material flows is necessary to identify material and energy flow loose ends. An effective process of collecting waste data and the application of appropriate analytical tool such as MFCA in data gathering will improve process wastereduction decisions.
MATERIAL FLOW COST ACCOUNTING
Material flow cost accounting (MFCA) technique is developed to measure the flows of materials and energy in production processes both in physical quantity and monetary value (Onishi et al., 2009) . MFCA is a tool that captures the material flows and monetary flows in productive process, and makes clear any inefficiency in productive process by using physical and monetary information (Hargroves and Smith, 2012) . In MFCA analysis, operation costs of production are allocated to material flows (Hyršlová and Vágner, 2011) . MFCA provides cost and quantity information on resource productivity for environmental management as well as production management (METI, 2007) . MFCA traces all input materials in the production process and categorises them as either "positive products" or "negative products" (Jasch, 2009) . The environmental costs to be managed include raw material costs and all related overheads charged to waste (non-product) output. Therefore, the scope of the environmental costs is very wide and high environmental costs are often identified, drawn to the attention of managers, and managed once their size is realised.
Material flow in a brewery
MFCA regards waste as a "negative product" and allocates material and processing costs to it. Moreover, wastewater and effluents considered as process waste are evaluated as economic loss and used to draw managers" attention to wastefulness and inefficiencies in the production processes. This stimulates managers to initiate measures for reducing such waste through existing waste-reduction techniques which may be technologically based (Figure 1) .
MFCA can be applied to large, medium and small sized organisations. It could as well be adapted to the primary and service sectors. MFCA is useful in organisations in developing countries such as South Africa where materials such as water and energy are consumed in large volume in the production process like brewing (Figure 2 ). Yin (1981) indicates that, although case studies indeed can be used for exploratory purposes, the approach also may be used for either descriptive or explanatory purposes as well that is, to describe a situation (for example, a case history), or to test explanations for why specific events have occurred. In the explanatory function, the case study can therefore be used to make causal inferences. A case study of Hope Brewery, a micro-brewery located in South Africa"s North-Eastern province was conducted for a period of six months. The brewing process makes use of materials and energy in the production of four types of beer under its label. In the production of beer, barley, ale, water, sugar, and yeast are input materials. The input for packaging is the bottle and crates for transporting.
Case study -Hope brewery

FINDINGS FROM CASE STUDY
The case study revealed the findings presented below.
No proper documentation of process flow
Production records relating to the quantity of input materials and related costs used in each production batch is unavailable in the books of Hope Brewery. The record available indicates the output quantity of completed batches. Therefore, it is difficult to determine the amount of waste generated in any given batch. Reliance was on experience which has proven to be ineffective judging from the abnormal production losses suffered.
Wastewater
Brewing is a water intensive process. Hope Brewery requires about 9 L of water for every litre of beer produced. Reduction in water consumption is therefore of a priority especially when the level of water scarcity in South Africa is considered. Hope Brewery does not have the capacity and technology to reuse or recycle brewery process wastewater. Wastewater is discharged into a nearby canal causing contamination to the underground water. The water source to Hope Brewery is mainly from a large storage tank and a spring water outlet close to the brewery. Therefore, the brewery manager seems not to bother about the quantity of wastewater generated. However, he failed to consider the environmental hazard and other systems cost that has gone into producing such wastewater. Water leaks occurred in production due to rusted pipes. This is a major source of water leakage apart from that at the point cleaning brewing equipment and the factory floor.
Energy usage
Every wastewater generated in the brewery process consumes energy. As such the more the wastewater and solid waste generated the more energy is wasted in production. It was discovered that energy cost accounted for about 20% of the production costs.
Abnormal production loss
During the study period of six months, inefficient application of yeast had resulted in losses of 4 batches of 1000 L of beer becoming unsalable. These losses occurred because Hope Brewery lacks a good quality control system. Production control relies heavily on the experience of Edmond (not real name) the production manager.
IMPROVEMENTS BASED ON FINDINGS FROM THE CASE STUDY
A number of improvements were introduced by the brewery manager during the period of study. These improvements include:
Fakoya and van der Poll 9787 1. A waste record format was generated to record the quantity of input materials at the beginning of every batch. The record includes the volume of water used in each process, units of electricity consumed in process, wages paid to the production staff during a shift, cost of any repairs, and the volume of beer that results in good product. This process enables the brewery manager to determine the loss in any particular batch. Overall water usage was calculated at 9 L for every litre of beer produced. Subsequently, due to the purchase of a new wort pan responsible for leakages, water usage dropped to 7 L per litre of beer produced. Further, improvements include the ability of the brewery manager to determine which process is responsible for the inefficiencies. 2. A new wort pan was purchased to replace the old pan which has become obsolete to reduce the water leaks in the connecting pipes to the turbidity filter. Although, replacing the wort pan is a major investment, MFCA has made it visible that the wort pan generates considerable litres of water wasted to necessitate its replacement. 3. Since production takes place twice every week, wages has been re-negotiated to align with batches worked. Savings in terms of production wages attests to the importance of MFCA analysis in the brewery production process. 4. A new quality checking device had been purchased to ensure that quality beer is produced in any batch and to avoid the incidence of total batch losses. 5. However, wastewater treatment equipment could not be invested into due to lack of funds to embark on such a project and the fact that Hope brewery is a microbrewery. 6. Housekeeping and other cleaning activities now use less water because the notion that water is almost free for brewery use has been replaced by the concern to save water consumption as a result of its scarcity especially in South Africa. 7. In the six month period the level of water consumption was reduced to between 7 and 8 L per litre of beer produced.
A summary of costs incurred for the six months period showing the amount for both saleable product (good) and non-product (negative) analysed using MFCA is presented in Table 1 . This analysis has resulted in Hope Brewery some of the improvements stated earlier.
Conclusion
This paper explored the feasibility of integrating MFCA technique with existing EMS in a brewery process for improved waste-reduction decisions and increased environmental performance. The study has shown that waste-reduction initiatives by the micro-brewery industry have concentrated on "end-of-pipe" waste treatment which has not improved its environmental performance. The relevance of MFCA as a system which supports brewery managers" waste-reduction decisions is clearly supported by findings from the case study analysis. The evidence from this study suggests that applying MFCA as an integrative approach to brewery waste-reduction has proven to be a necessary support tool for improving environmental performance through the provision of adequate waste information. An implication of this is the possibility that waste-reduction decisions will be improved when costs relating to actual waste generated in the brewery process are made transparent and documented in a separate cost account in order to attract managers" attention in making well-informed waste-reduction decisions. The current findings add substantially to the understanding that the integration of MFCA to other waste-reduction systems ensures that an interdisciplinary approach is beneficial to improving the decision-making process in brewery waste-reduction strategies. An implication of these findings is that in arriving at the most appropriate waste-reduction strategy, adequate waste cost analysis provided by MFCA should be taken into account. A significant implication for microbreweries in South Africa is that the availability of waste related information both in costs and volume would improve waste-reduction decisions.
